###### Strengths and limitations of this study

-   The survey population included patients from different levels of facilities, capturing patients with varying severity of complications.

-   Simulation of the survey data to population-level was conducted using the national health insurance database, which increases the generalisability of the findings.

-   Cost of disability was not included in the study.

-   Costs of absenteeism and presenteeism were estimated for the working-age population.

Introduction {#s1}
============

According to the International Diabetes Federation (IDF), the prevalence of diabetes in Vietnam has doubled from 2.5% in 2007 to 5.5% in 2017.[@R1] This poses a notable economic burden on both the government and patients. The healthcare expenditure per person with diabetes has increased from US\$38 (4.2% of the gross domestic product (GDP)) per capita in 2007 to US\$217 (9.3% of GDP) per capita in 2017.[@R1] Diabetes and its associated complications impact not only direct medical costs but also direct non-medical costs and productivity. Studies on cost-of-illness of diabetes have reported that direct non-medical costs ranged from 1% of the total costs in Mali[@R2] to 40% in Thailand,[@R3] and indirect costs accounted for a substantial proportion of the total costs ranging from 12% in Chennai, India[@R4] to 68% in the African region.[@R5]

In Vietnam, the national economic burden of diabetes has not been investigated, but two studies reported both direct and indirect costs incurred by patients with T2DM recruited from hospitals in urban areas.[@R6] The first study conducted by Nguyen recruited 400 participants from a tertiary hospital and two provincial hospitals into a landmark study between 2006 and 2007 in Hue, a city in central Vietnam.[@R6] Participants were categorised by annual household income into quintiles. This study found that among the highest income group with an annual household income between US\$972 and US\$4,484, direct medical costs accounted for 47% of the total costs, whereas the lowest income group with an annual household income between US\$63 and US\$312 reported a higher proportion of direct medical costs at 67%. The proportion of direct non-medical costs ranged from 24% in the lowest income group to 55% in the middle-income group. The proportion of indirect costs for the lowest income group (12%) was twice that of the highest income group (6%). However, no discernible trend was observed for the total costs of diabetes across the income groups. It was also found that the average cost per patient was higher for those with complications (US\$336) than those without (US\$280), although the definition of complication was not specified. In terms of healthcare financing, almost half (48%) of the participants received financial support from relatives, and 27% of the participants coped by either selling assets or borrowing money. It should be noted that this study was conducted before the enrolment into national health insurance, also known as Vietnam Health Insurance Scheme (VHIS), was made mandatory in 2015, and only about one-fifth (21%) the participants had health insurance at the point of survey.

Le *et* *al.* conducted another cross-sectional study in 2016 among 392 patients with diabetes in a tertiary care facility in Ho Chi Minh City (HCMC).[@R7] The authors also reported a higher annual mean cost of diabetes for those with complications (US\$300) than those without complications (US\$140). The direct non-medical costs which constituted only transportation reported by Le *et al.* were 14% of the total costs, whereas the study by Nguyen reported that 41% of total costs were attributed to direct non-medical costs, namely diabetes-related nutritional supplements and transportation. There were also mixed findings on indirect costs from the two studies. The proportion of indirect costs were significantly higher in the study conducted in HCMC (34%) than Hue (8%). Additionally, in the study by Nguyen,[@R6] it was unclear what constituted indirect costs. Le *et al.* estimated productivity loss in patients with diabetes based on another study conducted in the USA, whereas presenteeism and unemployment were derived from the primary data. Moreover, the studies were conducted mainly in tertiary and provincial hospitals, which could be more representative of patients with severe complications. The objective of our study was to estimate the burden of direct non-medical costs and indirect costs among patients with type 2 diabetes mellitus (T2DM) in Vietnam. This is achieved by projecting the results from a cross-sectional survey and extending the results to each VHIS enrollee.

Methods {#s2}
=======

This study adopted a societal perspective. However, the estimation of direct medical costs was conducted in a separate article, due to its length and methodology.

Data sources {#s2-1}
------------

Data sources, which were used to examine the direct non-medical and indirect costs associated with T2DM, included a cross-sectional survey of 315 patients, data from the administrative database of the VHIS, secondary literature, and labour and wage statistics from The National Statistics Office of Vietnam ([online supplementary table 1](#SP1){ref-type="supplementary-material"}).
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Cross-sectional survey {#s2-2}
----------------------

The cross-sectional survey study has been reported according to the Strengthening and Reporting of Observational Studies in Epidemiology (STROBE) statement guidelines ([online supplementary table 2](#SP2){ref-type="supplementary-material"}). Between 1 June and 30 July 2018, a total of 315 patients with T2DM were recruited from three health facilities, which were selected to represent national, provincial and district levels of healthcare in Vietnam. Patients were included if they were aged 18 or above, diagnosed with T2DM as noted in their medical records and enrolled in the VHIS. We excluded two illiterate patients who were unable to understand the informed consent form. The nurses referred eligible outpatients or newly admitted inpatients to the research assistants for study participation. Eligible participants were explained the study objectives and written informed consent was obtained. Information on sociodemographics and medical conditions, including the presence of diabetes-related complications, was obtained from the patients' medical records, whereas data on non-medical costs, presenteeism and disability were collected from respondents through interviews using a structured questionnaire. Due to the proximity of the country and the similar sampling methodology, we calculated the sample size based on the prevalence of diabetes complications in Malaysia, which was 75%.[@R8] To estimate the prevalence of diabetes-related complications with a precision of 0.05, a 95% CI, a sample size of 315 was considered to be sufficient for this study.
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VHIS database {#s2-3}
-------------

The VHIS covers 84% of the Vietnamese population in 2017.[@R9] Its database, which was initiated in 2017, includes information on patient's demographic characteristics, diagnosis, prescription and healthcare utilisation, such as length of stay. For this study, patient-level data were extracted from the database, providing information about the prevalence and costs of diabetes and its complications. Those aged 30 or above with at least one ICD-10 code E11 or had been prescribed with oral hypoglycemic drugs on three separate visits within 2017 were identified as being diagnosed with T2DM. To identify patients with diabetes-related complications, the Diabetes Severity Complications Index (DSCI) score was used and was determined based on the medical conditions recorded within 2017 in the VHIS database.[@R10] Patients with a DSCI score of 0 were regarded as not having diabetes-related complications, whereas a DSCI score between 1 and 13 was deemed as having complications.

Direct non-medical costs {#s2-4}
------------------------

Questions regarding direct non-medical costs in the survey included non-prescribed supplements or traditional medicine, transport, meals for both patient and caregiver, as well as interests incurred from the loans taken to pay off the medical fees.[@R11] In Vietnam, 69% of the non-agricultural population works in the informal sector.[@R12] When faced with unaffordable healthcare or reduced ability to work due to medical conditions, patients would resort to taking interest-bearing loans to pay off medical bills. A generalised linear regression model was built to predict the direct non-medical cost adjusting for age, gender, province of residence and presence of comorbidities, namely hypertension and dyslipidaemia. The parameters estimated from this model were then applied to the VHIS dataset to obtain the estimated direct non-medical cost for each VHIS enrollee with T2DM.

Indirect costs {#s2-5}
--------------

A human-capital approach was used for the calculation of indirect cost, which included the costs of absenteeism, presenteeism and premature mortality. Absenteeism and presenteeism were estimated only for the working-age population, that is, between age 30 and 60 for men and between age 30 and 55 for women.

Absenteeism was defined as the total length of stay, and the number of outpatient visits multiplied by 0.5 days. Length of stay and the number of outpatient visits were obtained from the VHIS database.

Presenteeism, or impact of health problems while on the job, was assessed by using the short form of Work Limitations Questionnaire (WLQ),[@R13] administered to the survey participants. WLQ was translated and validated in Vietnamese based on the Linguistic Validation Guidance of a Clinical Outcome Assessment outlined by Mapi Research Trust. Briefly, the linguistic validation comprised four steps: (i) forward translation, (ii) backward translation, (iii) cognitive interviews and (iv) proofreading. The resulting WLQ scores from the survey dataset were then used to predict the WLQ scores for the population in the VHIS. First, the survey dataset and the VHIS dataset were combined to find similar people in two datasets. The two datasets are first given labels (ie, survey and database). Then, a logistic regression model was built to predict each individual's probability of occurring in the combined dataset using the following covariates: age, gender, presence of hypertension, dyslipidaemia and diabetes-related complications, length of stay and number of outpatient visits. Next, the dataset was then divided into tertiles based on the predicted probability. Within each tertile, another logistic model was built to predict the WLQ scores of each individual, adjusted using the same covariates in the first model. Finally, presenteeism costs were calculated by extrapolating estimates of productivity loss in the past 2 weeks (the WLQ Loss Score) to 1 year in days (assuming 240 workdays per year).

The lost days of work due to absenteeism and presenteeism were multiplied with the mean daily wage based on the data in 2017 from the Office of General Statistics Viet Nam.

Premature mortality was based on the estimates for 2017 from the Institute for Health Metrics and Evaluation (IHME) and IDF[@R1] and derived using the following formula.

No. of deaths due to T2DM=No. of deaths reported in IDF ×$\frac{No.ofT2DMrelateddeathsreportedinIHME}{No.oftotaldeathsreportedinIHME}$

Costs due to mortality were calculated based on the value of future lifetime earnings. A discount rate of 3% was used.

Sensitivity analyses {#s2-6}
--------------------

In this study, one-way sensitivity analyses were performed on costs, income and discount rates. The baseline values, ranges and the sources of parameters are listed in [table 1](#T1){ref-type="table"}.

###### 

Key variables and ranges considered in sensitivity analyses

  Items                             Baseline value   Lower    Upper    Source
  --------------------------------- ---------------- -------- -------- ---------------------------------------------------------------------------------
  Direct non-medical costs (US\$)   55.9             34.5     73.9     Simulated data using VHIS dataset
  Absenteeism (days)                4.5              2.5      6.5      Data for VHIS dataset
  Presenteeism (days)               20.7             20       23       Simulated data using VHIS dataset
  Premature mortality (deaths)      29 068           23 759   38 334   International Diabetes Federation, 2017 [@R1]
  Income (US\$)\*                                                      
   Male                             2995             2097     3894     General statistics of Viet Nam, 2017 and self-reported income from the survey\*
   Female                           2683             1878     3488     
  Discount rate (%)                 3                0        6        WHO guide to cost-effectiveness analysis

\*Mean income from General statistics of Viet Nam; the lower and upper values were taken from the survey.

VHIS, Vietnam Health Insurance Scheme.

Probabilistic sensitivity analyses were also conducted by running 10, 000 simulations with random selections of all model variable values within their specified ranges. The mean (standard deviation (SD)), minimum and maximum values were reported.

Statistical analyses {#s2-7}
--------------------

Descriptive analyses were conducted for both actual and predicted data. Missing data were not imputed. Only three individuals in the VHIS database had missing information on age and none in the survey. All data analyses were conducted using SPSS V.16.0[@R15] and Microsoft Excel 365 ProPlus. All costs were reported in the United States dollar (US\$) in 2017. No cost adjustment was made due to the short time gap between the information in the dataset (January to December 2017) and the conduct of the survey (June and July 2018).

Ethics approval {#s2-8}
---------------

The research protocol was approved by the Research Council of Hanoi University of Pharmacy in Hanoi, Vietnam (Approval ID: 1102/QD-DHN/30112015).

Results {#s3}
=======

[Table 2](#T2){ref-type="table"} presents the description of the demographic and clinical characteristics of patients in the survey and the VHIS database. All eligible patients who were approached agreed to participate in the study. The mean (SD) age of the survey participants was 66.0 (10.1) years, 51% were men, and 55% living in the urban area. The distribution of participants recruited across the different levels of health facilities was comparable: 32% from the district hospital, 37% from the provincial hospital and 31% from the national hospital. About 46% of the participants had at least one comorbidity and 48% had diabetes-related complications. There were 1,395, 204 patients who were diagnosed with T2DM in the VHIS database. The mean (SD) age of people with T2DM was 63.0 (11.1) years. About 41% were men. Around 37% of the patients had both dyslipidaemia and hypertension, and 55% had diabetes-related complications.

###### 

Demographics and medical conditions of type two diabetes survey participants and individuals in VHIS

  ---------------------------------------------------------------------------
                                          Survey\        National database\
                                          (n=315) n(%)   (n=1,395 204) n(%)
  --------------------------------------- -------------- --------------------
  Demographics                                           

  Gender                                                 

   Male                                   159 (50.5)     573 074 (41.1)

   Female                                 156 (49.5)     822 130 (58.9)

  Age\* (mean±SD), years                  66.0±10.1      63.0±11.1

   30--39                                 2 (0.6)        26 736 (1.9)

   40--49                                 17 (5.4)       124 032 (8.9)

   50--59                                 60 (19.0)      372 374 (26.7)

   60--69                                 117 (37.1)     501 056 (35.9)

   70--79                                 96 (30.5)      262 362 (18.8)

   ≥80                                    23 (7.3)       108 641 (7.8)

  Residence                                              

   Urban                                  173 (54.9)     N/R

   Rural                                  142 (45.1)     N/R

  Medical conditions                                     

  Comorbidities                                          

   No dyslipidaemia and no hypertension   170 (54.0)     273 318 (19.6)

   Hypertension only                      33 (10.5)      434 582 (31.1)

   Dyslipidaemia only                     70 (22.2)      168 238 (12.1)

   Dyslipidaemia and hypertension         42 (13.3)      519 066 (37.2)

  Complications                                          

   Microvascular                          126 (40.0)     189 948 (13.6)

   Macrovascular                          14 (4.4)       368 623 (26.4)

   Both microvascular and macrovascular   10 (3.2)       196 513 (14.1)

   None                                   165 (52.4)     640 120 (45.9)
  ---------------------------------------------------------------------------

\*three missing cases in the VHIS national database.

N/R, Not reported in the database.

Annual mean direct non-medical costs and indirect costs obtained from the survey {#s3-1}
--------------------------------------------------------------------------------

The mean (SD) annual direct non-medical costs (shown in [figure 1A](#F1){ref-type="fig"}) and indirect costs ([figure 1B](#F1){ref-type="fig"}) among the survey participants were US\$53 (US\$79) and US\$185 (US\$121) respectively. Overall, indirect costs accounted for a higher proportion (63%) than direct non-medical costs (37%). Of the direct non-medical cost, transportation had the highest mean (SD) cost US\$24 (US\$40), followed by meals US\$16 (US\$ 23) and non-prescribed supplements US\$12 (US\$ 34). Paid care (US\$1) and loans (US\$0.3) comprised a very low proportion. Those with complications spent more for all direct non-medical cost components than those without complications (transport: \$\$36 vs \$14; meals: \$18 vs \$13; supplements: \$18 vs \$6; paid-care: \$2 vs \$0.2; loan: \$0.6 vs \$0). Annual mean (SD) presenteeism cost per patient was US\$134 (US\$91), whereas absenteeism cost was US\$51 (US\$42). Each person with complications incurred US\$30 more presenteeism cost and US\$10 more absenteeism cost than an individual without complications.

![(A) Annual mean direct non-medical cost of 315 patients in a cross-sectional survey. (B) Annual mean indirect cost of 315 patients in a cross-sectional survey.](bmjopen-2019-032303f01){#F1}

Predicted annual mean direct non-medical costs, absenteeism cost and presenteeism cost amongst VHIS enrollees {#s3-2}
-------------------------------------------------------------------------------------------------------------

As shown in [table 3](#T3){ref-type="table"}, compared with VHIS female enrollees, male enrollees bore higher direct non-medical cost (US\$60 vs US\$53), absenteeism cost (US\$62 vs US\$58) and presenteeism cost (US\$276 vs US\$252). Although the costs of presenteeism and absenteeism were positively associated with age, this trend was not salient for direct non-medical cost. Patients with diabetes-related complications incurred twice as much direct non-medical costs as those without complication (mean cost per person (SD): US\$74 (US\$17) vs US\$34 (US\$9)). Similarly, complications were also associated with higher absenteeism costs (mean cost per person (SD): US\$74 (US\$53) vs US\$ 49 (US\$36)). However, the difference in presenteeism costs between those with and without complications was not remarkable (mean cost per person (SD): US\$266 (US\$39) vs US\$267 (US\$32)). No associations were seen with the comorbidities and direct non-medical cost.

###### 

Annual mean direct non-medical cost, absenteeism cost and presenteeism cost of patients with type2 diabetes in Vietnam (2017, US\$)

                                          Annual mean cost (SD)                                                             
  --------------------------------------- ----------------------- ------------- --------------- ------------- ------------- --------------
  Overall                                 52.5 (79.1)             50.6 (41.9)   134.4 (90.7)    55.5 (24.3)   60.5 (45.8)   266.7 (35.2)
  Demographics                                                                                                               
  Gender                                                                                                                     
   Male                                   56.1 (78.0)             55.5 (35.9)   155.2 (108.0)   59.8 (26.1)   62.1 (47.0)   276.3 (33.7)
   Female                                 48.9 (61.4)             43.7 (20.7)   104.8 (85.3)    53.2 (22.4)   57.8 (43.6)   252.4 (32.6)
  Age (years)                                                                                                                
   30--39                                 26.5 (0.0)              49.1 (0.0)    130.3 (0.0)     39.6 (18.2)   51.2 (39.6)   247.8 (20.3)
   40--49                                 26.6 (23.8)             45.3 (21.1)   73.2 (34.2)     50.2 (23.0)   55.6 (42.8)   259.0 (27.5)
   50--59                                 45.5 (55.3)             53.8 (45.4)   110.0 (96.6)    57.0 (26.9)   63.0 (47.0)   270.9 (37.4)
   60--69                                 51.7 (57.4)             48.2 (21.6)   150.7 (98.3)    50.9 (20.9)   69.6 (48.7)   284.1 (42.8)
   70--79                                 63.2 (92.6)             51.4 (19.4)   175.6 (106.8)   60.9 (21.9)   NA            NA
   ≥80                                    51.8 (79.0)             58.5 (20.6)   178.9 (160.9)   73.3 (25.0)   NA            NA
  Medical conditions                                                                                                        
  Comorbidities                                                                                                              
   No dyslipidaemia and no hypertension   46.3 (66.3)             47.8 (23.8)   132.9 (90.7)    41.1 (17.1)   46.1 (35.9)   291.1 (38.7)
   Hypertension only                      66.9 (88.0)             52.1 (65.0)   98.7 (76.5)     68.6 (26.1)   62.8 (47.9)   249.6 (20.8)
   Dyslipidaemia only                     49.7 (47.2)             55.1 (25.2)   146.3 (121.8)   35.3 (14.2)   55.4 (38.4)   278.9 (36.5)
   Dyslipidaemia and hypertension         71.3 (96.4)             55.2 (21.5)   164.8 (145.1)   59.8 (19.7)   75.2 (51.3)   249.7 (21.1)
  Complications                                                                                                              
   Without                                34.3 (41.2)             46.0 (37.1)   119.8 (92.9)    34.2 (8.9)    49.5 (35.8)   266.4 (39.4)
   With complications                     73.5 (88.8)             55.9 (21.2)   150.4 (109.7)   73.6 (17.4)   74.3 (52.5)   267.2 (31.5)

NA: when absenteeism and presenteeism were not calculated for patients over working age.

NA, not applicable.

Predicted total national direct non-medical and indirect costs {#s3-3}
--------------------------------------------------------------

[Online supplementary table 3](#SP3){ref-type="supplementary-material"} shows the breakdown of the total costs. Direct non-medical costs were projected to be around US\$78 million for the VHIS enrollees. Total indirect costs of US\$161 million comprised US\$27 million absenteeism costs, US\$118 million presenteeism costs and US\$17 million due to premature mortality. The latter was based on 4882 diabetes-related deaths of working age in Vietnam in 2017, as reported in the IDF and 1885 deaths in the IHME. Of the total direct non-medical and indirect costs, presenteeism accounted for the highest proportion (49%), followed by direct non-medical cost (33%), absenteeism (11%) and mortality (7%).
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Sensitivity analyses {#s3-4}
--------------------

One-way sensitivity analyses (in [figure 2](#F2){ref-type="fig"}) showed that income was the most sensitive to variations, resulting in total direct non-medical and indirect costs ranging from US\$191 million to US\$287 million (or −21% to 20%, respectively, of the base case). The least influential parameter was the discount rate, which resulted in a variation of around 1% on the base case of direct non-medical and indirect costs.

![Percentage change in total costs of direct non-medical and indirect costs from a mean of US\$240 million in response to variation in input parameters.](bmjopen-2019-032303f02){#F2}

Probabilistic sensitivity analyses revealed a mean (SD) total direct non-medical costs of US\$78 million (US\$34 million) in direct non-medical costs. The minimum and maximum values were US\$6 million and US\$262 million, respectively. Mean (SD), minimum and maximum values of total indirect costs were US\$161 million (US\$37 million), US\$105 million and US\$313 million, respectively.

Discussion {#s4}
==========

Direct non-medical and indirect costs are invisible to the government, but they are not invisible to society. This study found that the total direct non-medical and indirect costs due to diabetes amounted to US\$239 million in 2017, with the main driver being presenteeism at 49% of the costs. Our study showed that patients with diabetes-related complications could sustain direct non-medical costs and absenteeism costs, which were two times higher than patients without complications. Presenteeism costs for both groups were found to be similar. The robustness of the estimation was investigated by sensitivity analyses. Variation in income revealed the largest change in the total direct non-medical and indirect cost estimates. Another study examining the direct medical cost found that the annual direct medical costs per person with complications (US\$398) were almost twice as that for one without complications (US\$206) in the same year of study.[@R16] With this said, the direct non-medical costs and indirect costs were more than the direct medical costs and this could hamper patients' willingness to seek prompt diagnosis and treatment.

The cost estimates in this study are potentially underestimated due to a few factors. First, the VHIS database included 1.4 million T2DM-treated patients. In contrast, the IDF estimated that there are 3.5 million adults with T1DM or T2DM, of which around half (49% or 1.7 million) are diagnosed.[@R1] Second, this study did not consider costs for those with undiagnosed diabetes. A study conducted in 2017 in the USA reported that undiagnosed diabetes (\$4250) incurred lower costs than diagnosed cases (\$13,240). Further research is required to ascertain if this phenomenon is consistent with those in Vietnam. Third, the cost of disability was not included. Although we collected data on disability in the survey, we were unable to simulate to the national level due to the small number of participants reporting disability (n=12). Finally, this study estimated absenteeism and presenteeism only for the working-age population. However, data from the Vietnam Household Living Standard Survey (VHLSS)[@R17] showed that 43% of the elderly aged 60 and above are still working, either part-time or full-time. Therefore, our estimate on productivity loss could be underestimated.

Comparison of results with studies conducted in Vietnam {#s4-1}
-------------------------------------------------------

To the best of our knowledge, this is the first nationwide study that estimates the direct non-medical costs and indirect costs of patients with T2DM. Costs from survey participants were used to predict costs for all patients enrolled in the VHIS using demographic and clinical characteristics. Compared with the findings in this study, similar research conducted by Le *et al.* in a tertiary hospital in Vietnam estimated lower direct non-medical costs (US\$56 vs U\$34) and presenteeism costs (US\$267 vs US\$114), but higher absenteeism costs (US\$67 vs US\$61).[@R7] The difference in direct non-medical costs could be attributed to the inclusion of different cost components. Le *et al.* considered only transportation costs as direct non-medical costs, whereas this study also included non-prescribed supplements or traditional medicine, meals and loans. The methodology for estimating presenteeism was also different between the two studies. Although the study by Le *et al.* determined presenteeism costs based on estimates from a study conducted in the USA, this study obtained estimates from patient surveys. Notably, Le *et al.* also attempted to assess presenteeism using patient surveys, although the method of assessment was not elaborated. The authors did not use the findings from the survey as they deemed that the estimates were 'not accurate as workers, especially labourers, depend on daily productivity for their income'.[@R7] Our study employed the use of WLQ, which has been extensively tested and validated to measure general health impact. The lower estimates of mean absenteeism cost in our study compared with the study by Le *et al.* could be attributed to two factors. First, the previous study was conducted in a tertiary hospital, which was more likely to manage patients with more severe conditions, whereas the present study also included patients seen at lower-level facilities. Second, the number of workdays lost was obtained from the VHIS database, which is less susceptible to recall bias.

Comparison of results with studies conducted in other countries {#s4-2}
---------------------------------------------------------------

Studies on direct non-medical and indirect costs of diabetes have been carried out in many parts of the world.[@R18] Methodological heterogeneity and variation in the inclusion of cost components limit the comparison of our study findings with other countries. A study published in The Lancet using a top-down and human-capital approach estimated that indirect costs accounted for 35% of the global economic burden of diabetes.[@R19] Labor-force dropout (49%) and mortality (46%) were the biggest contributors to indirect cost. In contrast, individual studies conducted in many countries using a bottom-up approach and involving various settings reported different findings. For instance, a study conducted by the American Diabetes Association (ADA) using data sources from national surveys, Medicare and claims databases for the commercially insured population in the USA found that disease-related disability was the biggest component (42%) of indirect cost.[@R20] Another study in Poland using the national administrative database and human-capital approach found that presenteeism was dominant at 75% of the indirect costs.[@R21] In terms of costs as a percentage of GDP, direct non-medical and indirect cost accounted for 6.3% of Thailand per capita GDP in 2008[@R3] and 7.7% of Brazil per capita GDP in 2012.[@R22] Our study also reported a similar burden of US\$171 at 7.2% per capita GDP.

There is strong evidence of the association between direct medical costs and diabetes complications.[@R23] However, less is known about the impact of diabetes-related complications on direct non-medical and indirect costs. This study found that patients with complications incurred higher costs of direct non-medical and indirect costs than those with complications, which is consistent with the findings from a population-based cost-of-illness study in India.[@R25] The authors reported a linear relationship between the number of diabetes-related complications and indirect costs. Patients with one, two, three and four or more complications, respectively, incurred 0.9, 1, 3 and 9 times the indirect costs sustained by those without complications. These findings suggest that keeping diabetes under control reduces out-of-pocket costs borne by patients and financial burden for employers due to lost productivity. Although more government interventions are warranted to keep diabetes at bay, it is equally important to improve control among patients with diabetes. Providing financial incentives for patients with diabetes to seek continued treatment should also be considered. Several interventions recommended by the ADA were found to be cost-effective and should be explored and contextualised by the local government.[@R26] Future studies could investigate the effect of interventions on the long-term costs of diabetes and its complications.

Strengths and limitations {#s4-3}
-------------------------

The strengths of the study are predicated on the two-phase approach. The first phase entailed a cross-sectional survey that included patients from different levels of health facilities, capturing patients with varying diabetes-related complications. Although patients with more severe complications are expected to be seen at a higher level of facilities, smaller district-based facilities would see more patients with no or mild complications. The second phase involved the simulation of the survey data to population-level using a nationwide database, which increases the generalisability of the findings. This study has a few limitations. The findings could only be applied to patients who sought healthcare in Vietnam. In addition, a friction-cost approach would ideally serve as part of the sensitivity analyses. This could not be performed due to the lack of data in Vietnam, specifically the disease-specific employment rates. Nevertheless, probabilistic sensitivity analysis has revealed little deviation from the primary estimate.

Conclusion and implications {#s4-4}
---------------------------

This study estimated that the total direct non-medical and indirect costs due to diabetes at US\$239 million in 2017. Presenteeism was the biggest driver at 49%, followed by direct non-medical costs at 33%. Diabetes-related complications were also shown to have a salient impact on the direct non-medical costs and costs due to absenteeism. The potential impact of costs related to diabetes must be considered and, in other settings, have been significant. Such estimates are also important to be incorporated in the cost-effectiveness analysis of interventions targeting diabetes, as it affects multiple vital organ systems. Efforts should be intensified to keep diabetes under control to reduce the financial burden on both patients and their employers.
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